Text S1. Updated parameterization of first-order loss of gas-phase HOBr in cloud 
Here we number the four reactions in the same order as in the manuscript. Chen at al. (2017) computed the overall reactive uptake coefficient of HOBr in cloud ( ) using following parameterization:
(1)
where γd is gas-phase diffusion coefficient (unitless), calculated following Schmidt et al. (2016) and Sherwen et al. (2016) ; ab (0.6, Ammann et al., 2013 ) is mass accommodation coefficient (unitless); and Γ is bulk reaction coefficient (unitless). Γ is the sum of reaction coefficients of the four reactions (Γ1, Γ4, Γ5a, and Γ5b), which are calculated as: 
Then the overall reactive uptake coefficient of HOBr in cloud ( ) is computed using equation ( The overall first-order loss rate of HOBr(g) RHOBr (molecules cm -3 s -1 ) is computed as:
[HOBr]
Where S is the total surface area concentration of cloud droplets and ice crystals (cm 2 cm -3 ). We distribute the loss by the above four pathways on the basis of their relative aqueous rates.
For (R1) and (R4) (10) = 0.90
Finally, we compute the loss rate of HOBr(g) via (R1), or the production rate of Br2(g), RBr2 as:
The loss rate of HOBr(g) via (R4), or the production rate of BrCl(g), RBrCl is:
The loss rate of HOBr(g) via (R5a) RHSO3 is:
And the loss rate of HOBr(g) via (R5b) RSO3 is:
Text S2. Correction a registration error for SSA alkalinity in the standard GEOS-Chem code
In the standard GEOS-Chem code, SSA alkalinity was incorrectly registered as cloud pH in Headers/state_chem_mod.F. By doing so, the code generally assigned higher values (than the debromination threshold)
for SSA alkalinity, thus largely prevented SSA debromination from happing. We corrected this error in our simulations.
Around line 1049 in state_chem_mod.F, we changed the following line 
